This document was printed on recycled paper. This first year report presents results from a computational fluid dynamics (CFD) study to assess the flow and temperature profiles within the mobile ice nucleus spectrometer.
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Executive summary:
Computational fluid dynamics (CFD) simulations were undertaken to assess the velocity streamlines and temperature profiles within the mobile ice nucleus spectrometer (MINS). The CFD modeling was done at the Pacific Northwest National Laboratory (PNNL) using the commercial CFD software FLUENT (Ver. 6.3, ANSYS). The work meets the specifications provided by Droplet Measurement Technologies (DMT) with reference to commercialization of MINS system. Following specific features were discerned from the CFD simulations.
 Exit geometry of the MINS is sensitive to the particle size.  Particles at the center line of the MINS remain undisturbed by the particles.  Modification to the MINS exit geometry can lead to improvement in operation of the MINS, particularly automation of icing. However, the new designs are susceptible to the droplet shattering.  Temperature gradient within the two plates of the MINS can influence the environmental conditions such as temperature and supersaturation.  CFD results were also used to verify the location of the aerosol lamina within the MINS.
The main results corresponding to above findings are discussed briefly.
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Introduction:
DMT proposed to develop a rugged, fast response, continuous flow, MINS. The MINS will have the accuracy and reliability required by the research community to detect ice nuclei for application in laboratory, field, and aircraft operations. For the development DMT collaborated with the research institute (Pacific Northwest National Laboratory -PNNL) as a requirement for the Department of Energy's (DOE) Small Business Technology Transfer (STTR) program. Briefly, MINS systems consist of vertical ice chamber plates (insulated, shown on the left), a control software system and the refrigeration system (bottom two shelves within the rack). The ice chamber plates (without insulation) are shown in Fig. 1 (right panel).
CFD tasks were identified to take the developments in phase II and produce a commercial ice nucleus counter or MINS. These are listed below.
1. CFD modeling of the ice chamber exit system to understand the aerosol particle behavior that includes losses and impaction. 2.
CFD modeling of the ice chamber plates to understand the wall effects on the temperature and supersaturation calculations. 3.
CFD validated numerical calculations to predict the aerosol lamina within the ice chamber when two plates of the ice chamber are maintained at the different temperature and a prescribed flow is developed.
Key results from each task are presented.
CFD modeling:
The CFD modeling was done at the Pacific Northwest National Laboratory (PNNL) using the commercial CFD software FLUENT (Ver. 6.3, ANSYS) to address above tasks. FLUENT solves conservation equations for mass, energy, and momentum to calculate flow properties (e.g., velocity profiles for various flow configurations). Three-dimensional simulations were utilized for this work. The FLUENT pre-processor software GAMBIT (Ver. 6.3, ANSYS) was used to build the physical, or "mesh," the MINS domain. Approximately 1 million cells with variable mesh density were used. Relatively higher mesh density was used for the areas with rapid changes of dependent variables (e.g., velocity, temperature) to make use of computing power most efficiently.
The FLUENT "discrete phase model" was used to understand how particle trajectory was influenced by the PCVI flow characteristics. This model calculates the trajectories of individual particles in the gas phase. The effects of turbulence were included by enabling a stochastic tracking (random walk) model which includes the effects of instantaneous turbulent velocity fluctuations. Injected particles were modeled as spheres with density equal to ice particle.
Results and Discussions:
4.1 Task 1: CFD modeling of the ice chamber exit system: Fig. 2 shows the droplet trajectories passing through the exit geometry of the ice chamber. It was observed that particles upto 30 micrometers follow the streamlines and do not impact the exit 6 system. Fig. 2f shows the particles with 50 micrometer in diameter will impact the exit system of the ice chamber. A better way to take the particles out of the system needs to be designed. , 3, 5, 7, 30 , and 50 particle size micrometers, respectively. Flow is from left to right. Grey line shows the geometry of the exit geometry.
The effect of the exit geometry on the flow streamlines within the ice chamber was investigated.
As per the ice chamber theory, the sheath flow acts as the carrier gas flow for the aerosol particles within the ice chamber. It is possible that turbulence at the exit geometry may affect the location of the aerosols. Fig. 3 shows the aerosol streamlines and sheath flow streamlines. It was observed that aerosol particles released at the inlet of ice chamber remained at central lamina till the exit geometry, indicating no influence of turbulence on the particles. Also the it was observed that the sheath flow is well mixed, but does not alter the location of the aerosol lamina. 
Task 2: CFD modeling of the ice chamber plates:
The temperature gradient across the ice chamber wall can influence the temperature and supersaturation calculations. Sensitivity simulations were performed to understand the effect of temperature gradient on the aerosol temperature within the chamber. Fig. 4 shows the various sections of the ice chamber and respective temperature values that are used for the simulations. Temperature was defined within the horizontal grooves, where refrigeration coils are inserted. The temperature values used to define the top, middle, and bottom sections were 253K, 248K, and 243K, respectively. 
Figure 5: Panels a) to e) shows the temperature gradient across the plate as a function of time.
The effect of temperature gradient on the aerosol temperature, the particles which are positioned at the central of the chamber are shown in figure 6 . It can be concluded that temperature gradient across the plate has a profound effect on the aerosol temperature profile. Temperature gradient across the plate should be minimized. 
Task 3: Calculation of the aerosol lamina:
The supersaturation profile within the chamber is calculated based on the temperature gradient across the two plates. Due to thermophoresis effect the aerosol lamina is shifted towards the colder region and this affect the temperature and supersaturation calculations. Therefore depending upon the flow conditions, corrections to these calculations should be applied. The formulae for these calculations based on the previous study are calculated and presented in the appendix A. These calculations are also verified using CFD simulations (simulations results not shown here). The velocity profile was calculated by solving the following equation (Rogers, 1988) ,
substituting for A and B, we get,
| P a g e Aerosol lamina Supersaturation Calculations by GK, PNNL, April 2012
Where is the velocity, � is the mean velocity, Z is the distance from the centerline of the flow, and 2d is the plate separation distance (=10 mm). Other constants are defined above. 
